SUMMARY By means of a new technique (Particle Counting Immunoassay), we have determined the level of ferritin in 470 samples of cerebrospinal fluid of patients with various neurological disorders. The median value obtained in a control group was 2'3 ng/ml with an upper limit at 5 5 ng/ml. The concentrations in the serum and cerebrospinal fluid were independent, but that in cerebrospinal fluid correlated with its total protein content. High values of ferritin were found in infectious meningoencephalitis, in vascular diseases of the central nervous system, and, unexpectedly, in several cases of dementia without obvious vascular pathology.
Ferritin is the major iron storage protein present in most tissues but particularly abundant in the liver, spleen and bone marrow. This protein with a molecular weight of 450 000 is composed of 24 identical subunits forming a nearly spherical hollow shell with a central core containing up to 4000 atoms of iron. Most tissues, when exposed to iron start producing ferritin, for example with haemoglobin resorption after vascular damage. Its serum concentration is now considered as the best index of the iron needs of the organism. However, inflammatory reactions, liver disorders, tissue necrosis and various forms of cancer can raise the ferritin concentrations in the serum in the absence of any iron overload.
Because of the wide tissue distribution of ferritin, we thought that its determination in the cerebrospinal fluid (CSF) of patients might help in the diagnosis of various neurological disorders and perhaps give insight into their pathogenesis. A recent publication indicates the potential role of ferritin assay in the diagnosis ofcerebral infarction or bleeding.
Material and methods

PATIENTS
Lumbar CSF from patients of the Department of Neurology, Cliniques Saint-Luc, Brussels was obtained for routine analysis. After centrifugation, aliquots of 0-5 to 2 ml were kept frozen at -20°C. Blood was collected on the same day. Total proteins were determined in CSF by *Aspirant at the "Fonds National de la Recherche Scientifique", Brussels. group.bmj.com on December 29, 2017 -Published by http://jnnp.bmj.com/ Downloaded from returned to normal values (2 6 ,tg/l after two weeks and 0-8 Hg/l after one month). Strokes As spinal taps are not usually done after cerebral strokes the 13 cases whose CSF were available cannot be considered as representative of this group. The concentrations were particularly high in patients with extensive hemispheric lesions (N = 4; range: 7 to 160 ,ug/l) with one reaching 160 jtg/l in a comatose patient, who died four months later with a large left parieto-occipital lesion. The concentration was normal in five of the six cases of ischaemic attack restricted to areas supplied by the anterior spinal and basilar arteries. Haematoma and subarachnoid haemorrhage Three out of four cases of intra-parenchymatous haematoma proved by computed tomography had abnormally high concentration of CSF ferritin. The sample with the highest concentration (22 6 pg/l) was xanthochromic, the others were colourless. No cases of subarachnoid haemorrhage with grossly blood stained CSF were available. We had only six patients who were in hospital for further neuroradiological investigations for suspected subarachnoid haemorrhage. In three cases, CSF was colourless and in the other three, xanthochromic or slightly haemorrhagic. Three samples had a high concentration but no correlation was observed between the hue of the CSF and its ferritin content: one colourless sample contained 18 5 jug/l, whereas another which was xanthochromic had a normal concentration. Dementia All patients of this group had severe intellectual impairment. Cerebral atrophy or enlargement of ventricles or both were shown by either computed tomography or gas encephalography. Very high values were found in two cases of normal pressure hydrocephalus, whereas the concentrations tended to be normal in multi-infarct dementia. The values in presenile dementia were moderately elevated or normal. Tumours of the CNS Ferritin was increased but to a moderate extent late in the course of the illness of two patients with primitive tumours of the CNS: an anaplastic hypophyseal adenoma after surgery and irradiation, and a malignant pineal tumour with meningeal dissemination Miscellaneous In two cases of cerebellar atrophy of unknown origin, the ferritin concentration was raised to 9 and 9 5 jug/l. In a third case where alcoholism was obvious, the ferritin concentration was normal. In one case of acute transverse myelitis, high values were observed (27 and 155 ,ug/l).
Discussion
The present retrospective study aimed at seeing whether the concentration of ferritin in the CSF was high in some neurological disorders. Values exceeding by ten to one hundred times the normal were observed in patients with viral and bacterial infections, strokes, subarachnoid haemorrhage, and normal pressure hydrocephalus. Except for normal pressure hydrocephalus, of which the pathogenesis is unknown, the common features of the other diseases are either inflammation, haemorrhage or tissue necrosis. Those processes could explain the presence of ferritin in the CSF; the resorption of haemoglobin induces the biosynthesis of ferritin; the protein can then be released by cellular excretion. Cellular death due to infections or vascular obstruction can also result in the release of ferritin, which is a normal constituent of brain cells. 9 The recovery of iron from the cytochromes of dead cells could increase the ferritin content of the brain tissue. A significant source of ferritin might also be the macrophages involved in all inflammatory reactions. Macrophages may contain up to 50 ng of ferritin per million cells.
In one patient, normal pressure hydrocephalus occurred six months after cranial trauma suggesting also the possible role of necrosis or haemorrhage in the rise of the ferritin concentration in the CSF. However in all cases of dementia, no clear mechanism can be proposed to explain the high concentrations of ferritin. Two patients among the three with Alzheimer's disease had high concentrations of CSF ferritin. This has to be considered in the light of the histological findings of Goodman'0 and Holgren and Sourander."1 A characteristic feature was the presence of large amounts of an iron staining substance in cells which had undergone neurofibrillary degeneration, in the oligodendroglia and in the microglia within the argentophilic plaques.
Could the determination of ferritin concentration in the CSF be useful in the diagnosis of neurological disorders? The present results suggest that ferritin estimation in CSF could help to distinguish between the various forms of dementia, being in the normal range in the multi-infarct form, slightly elevated in some cases of pre-senile dementia and very high in two out of three cases of normal pressure hydrocephalus. However, a prospective study on a large number of patients is necessary to assess the possible clinical value of this test. The longitudinal study of the patient with herpetic encephalitis, the significant correlation with the total protein content of the CSF as well as the work of Hallgren et all suggest that the concentration of ferritin in the CSF could be a useful index of the intensity of the inflammatory reaction and the extent of either the tissue damage or haemorrhage. 
